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Changes are made in two modules, 
SC Technique-Channel Assignment, and SC 
Technique-Channel Parameter Change or 
Dismiss. The updated flow charts are: 
Figure 7: Pg. 1-Added temporary 
storage (clear) for CFN. 

Pg. 2-Added insertion of 
CHAN in word 9, and insertion of CFN 
in word 12. 

Pg. 3-Added insertion of FN 

into CFN. 

Pg. 4-Added restore of FM 
generator status when RR/RGPO Gen. 
unavailable. 

Figure 8: Pg. 1-No change, 

Pg- 2-No change. 

Pg. 3-Added dismiss for RR/ 
RGPO Gen., and for FM Gen. 

N in w?#d 


in word 12. 

Table A gives address and data for 
eight Technique programs to be stored in 
the Techniques Program memory. These 
are selected samples used during TGU 
integration and test. 


REVISION 


SHEET NO. 


REV STATUS 
Or SHEETS 


mamammm 


REVISION 


SHEET NO. 




























CODE IDENT NO. 



JS1 


RAYTHEON COMPANY 
LEXINGTON, MASS. 02173 


49956 


SP ^°69-HM-0412 

SHEET 

2 oi47 

REV 


IEWS SOFTWARE SPECIFICATION - COMPUTER 
PROGRAM DESIGN SPEC FOR TECHNIQUES GENERATOR 

Scope 

Applicable Documents 
Requirements 

3.1 Function/Allocation Description 

3.2 Functional Descriptions 

3.2.1 Initialize Module 

3.2.2 Loop Module 

3.2.3 SC Write Fault Module 

3.2.4 SC Assignment-Frequency, ACN Module 

3.2.5 SC Technique-Channel Assignment Module ') 

3.2. 6 SC Technique-Channel Parameter Change or Dismiss Module 

3.2.7 SC Program Control Module 

3.2.8 Channel-VCO Frequency Set-On Module \ 

3.2.9 Auxiliary Bus Frequency Module 

3.2.10 RAN-RAP Cover Module 

3.2.11 RAN-RAP Cover and Early Module 

3.2.12 RAN-RAP Cover and Late Module 

3.2.13 RAN-RAP Cover, Early and Late Module 

3.2.14 RGPO Module 

3.2.15 Frequency Update Subroutine 

3.2.16 Convert and Load Tuning Subroutine 

3.2.17 RAN-RAP A Version Subroutine 

3.3 Storage and Processing Allocation 

3.4 Computer Program Functional Flow 

3.5 Programming Guidelines 










SPEC NO. 

53959-HM 

[-0412 

SHEET 

3 OF 47 

REV 


RAYTHEON COMPANY 
LEXINGTON, MASS. 02173 


1.0 SCOPE 

The computer program specified herein shall be entitled IEWS 
Techniques Generator Controller Program. The Techniques Generator Unit is 
part of the Integrated Electronics Warfare System, IEWS,being developed for 
test and evaluation to determine operational usefulness for advanced combat 
aircraft. 

2.0 APPLICABLE DOCUMENTS 

The following documents, form a part of this specification to 
the extent specified herein. In the event of conflict, the requirements of this 
specification shall govern. 


AETD-XAV-1000 


W3-8506 


Experimental and Developmental 
Specification IEWS (Integrated Electronic 
Warfare System) 

Requirements for Digital Computer 
Program Documentation 


RAYTHEON SPECIFICATIONS 
53959-HM-0410 


53959-HM-0411 


53959-CD-1401 


53959-JK-1003 


Unit Hardware Development Specification 
IEWS Hardware Spec. - Techniques 
Generator 

Unit Hardware Development Specification 
IEWS Hardware Spec. - Transmitter 
Control - MAAS 

Interface Control Document Spec. - 
Daisy Chain Bus ICD 

Interface Control Document Spec. - 
Auxiliary Bus ICD 


10-1349 CONT (11/68) VELLUM PRINTED IN U.S.A. 
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Eqpt. Division I RP-16 Microprocessor 

Eqpt. Division n Computer Program Package Specification 

Raytheon RP-16 Relocatable Macro 
Assembler Functional Specification 


3.0 REQUIREMENTS 

3.1 FUNCTION/ALLOCATION DESCRIPTION 

s 

The IEWS Techniques Generator Controller Program shall be the 
software portion of Techniques Generator. It shall run in the T.G. Controller/ 
Processor hardware which is implemented with an RP-16 Microprocessor. 
Together with the hardware, the program shall provide the overall T. G. 
functions described in paragraph 3.1.1, and the Controller/Processor 
functions described in paragraph 3.1.2.1, both of applicable document 
53959-HM-0410, T.G. hardware specifications. 


The TG Controller Program shall be structured in the modules 
and relationships as shown in Figure 1. Bascially, once initilized, the program 
shall be interrupt-driven. The two hierarchy modules are Initilize (INLZ), 
and Loop (LOOP). At power up or as required, the System Controller, SC, 
or a Local Control Panel, LCP, shall be able to put the program to start of 
INLZ. Either of the two shall be able to command run. 

INLZ shall initilize all variables, assignments and generators 
and transfer to LOOP. LOOP shall bascially enable interrupts and run in 
an idle loop awaiting interrupts. All service routines shall return to LOOP to 
await further interrupts. 

There shall be twelve types of interrupt service modules as shown 
in Figure 1 and Figure 2, VIZ., 


SC Write Fault (SCWF) 

SC Assignment - Frequency, ACN (SCAFA) 
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SC Technique-Channel Assignment (SCTA) 

SC Technique-Channel Parameter Change, Dismiss (SCTCC) 
SC Program Control (Currently Growth) (SCPC) 

Channel-VCO Frequency Set-On (CVFSO) 

Auxiliary Bus-Frequency (ABFR) 

RAN-RAP Cover (RRC) 

RAN-RAP Cover and Early (RRCE) 

RAN-RAP Cover and Late (RRCL) 

RAN-RAP Cover, Early, Late (RRCEL) 

Range Gate Pull-Off (RGPO 


Note in Figure 1 that the last five module types shall service 
four RAN-RAP RGPO Technique Generators. Interrupt level selects the general 
service. Within the interrupt level the three least significant bits, LSB’s, 
of the hardware interrupt vector shall identify a particular service module. 
Within any of these levels, the device requesting service determines the 
vector, only one vector per service request. 

Interrupt services have horizontal modularity, i. e., service 
routines are independent of one another. 

Finally, there are three subroutines: 

Frequency Update (FUP) 

Convert andiLoad Tuning (CLT) 

RAN RAP -A Version (RRA) 

Relationships of subroutines to service module users are shown 
in Figures 1 and 2. 
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At the end of any service-routine execution, the program shall 
return to LOOP. For this development the software shall enable interrupts 
only during LOOP. Nesting of interrupt services is a software growth 
capability. The hardware is capable of supporting such nesting. 

3.2 FUNCTIONAL DESCRIPTIONS 

Each IEWS T. G. Controller Program module shall implement 
the corresponding flow diagram given herein. Each flow diagram shows the fixed 
hardware addresses involved. Externally interchanged word formats shall be 
as specified in the referenced, associated document, 53959-HM-0410, 

’’Unit Hardware Development Specification - IEWS Hardware Spec. - 
Techniques Generator”. Programmable variables within programs shall have the 
values given on the diagrams. Some of these modules might change as a result 
of development tests. Internal word formats can vary from those herein if more 
practical. Program Tables are given in paragraph 3.3 


3.2.1 


Initialize (INLZ) Module I 


INLZ shall be as given in Figure 3. Controls and address to 
set and run INLZ are given in notes thereon. INLZ clears all assignments, if any, 
and flags. It initializes all internal tables. ) j 


3.2.2 


Loop (LOOP) Module 


LOOP shall be as given in Figure 4. Background testing can be 
added to this at any time as growth software. 


3.2.3 


SC Write Fault (SCWF) Module 


SCWF shall be the interrupt routine of Figure 5. Hardware 
interrupt vectors and addresses are given. This routine endeavors notify : 
the SC if a write is attempted to T. G. instruction memory during times of 
memory-protect. The T. G. RP-16 4K word memory is two-port, one for the 
Daisy Chain (DC) bus, and the other for the T. G. RP-16. The memory is 


10-1349 CONT (11/68) VELLUM PRINTED IN U.S.A. 
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partitioned with T. G. instructions, data, and working space in all but 8 
locations. It is the bulk of this memory except the 8 locations for SC messages 
that is at times protected to DC writes. An SC Daisy Chain Master Clear, 

DCMCL always opens all memory to DC write. Any time a message is 
transferred through any of the 8 message locations the bulk of memory is 
protected from DC writes. If while protected a DC write is attempted, DC 
ACKnowledge is hardware returned to prevent hanging the bus, even though 
data is not written. The T. G. RP-16 receives the interrupt and in turn, attempts 
to notify the SC as shown in Figure 5. The 4K memory is open to DC read all 
the time. The two port is used to facilitate loading T. G. RP-16 program directly, 
from the DC bus. 

3.2.4 SC Assignment-Frequency, ACN (SCAFA) 

SCAFA shall be the interrupt routine of Figure 6. Note that the 
Frequency Update Subroutine (FUP) is used in this service. Return to LOOP 
is from FUP. 

3.2.5 SC Technique-Channel Assignment (SCTA) Module 

SCTA shall be the interrupt routines of Figure 7. This 
module retrieves all generator parameters from T. G. Techniques Program 
memory and loads the proper generators. Where the limited number of RAN-RAP/ 
RGPO generators are needed, the routine performs a resource management 
allocation by finding an unused generator for the current program. It remembers 
to which channel the generator is assigned. 


3.2.6 


SC Technique-Channel Parameter Change or Dismiss (SCTCC) 
Module 


SCTCC shall be the interrupt routines of Figure 8. This module 
changes any parameters of a currently assigned Technique Program per the SC 
message. The Technique Program stored in Technique Program memory remains 
as originally loaded. If the change is in use of the Auxiliary Bus for Frequency 
and/or ACN, the routine fills in the balance of the word as stored in Techniques 
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Program memory. This module alternatively dismisses a particular Channel- 
Technique assignment. See notes of Figure 8 for codes. The routine for 
channel-technique dismissal also'performs the resource management update 
of RAN-RAP/RGPO generator allocations. 


3.2.7 SC Program Control (SCPC) Module 

This module is a growth module to allow great flexibility to enable 
the TG RP-16 to execute instructions sent by the SC. The hardware is designed ' 
to accomodate this, but currently the SC External Control via hardware 
address is sufficient. See Figure 10 of 53959-HM-0410. 

3.2.8 Channel-VCO Frequency Set-on (CVFSO) Module 

CVFSO shall be the interrupt routines of Figure 9. This 
routine is requested every 0.1 second by each channel-technique assigned. 

It currently is a linear integration of error correction. Growth software 
could provide other correction to include even a transfer table for VCO 
tuning command to frequency output. The routine calls subroutine Convert 
and Load Tuning (CLT) to select VCO subband and tuning, within subband. 


3.2.9 Auxiliary Bus Frequency (ABFR) Module 

ABFR is the interrupt routine of Figure 10. This routine services 
frequency assignment updates for response-assigned channels, whose 
assignment includes Auxiliary bus update enable. The module uses the Frequency 
Update (FUP) subroutine which exits directly to LOOP. 

3.2.10 RAN-RAP Cover (RRC) Module 

RRC is the interrupt module of Figure 11, As noted thereon, 
this function is performed for each of the four RAN-RAP/RGPO generators , 

List I of paragraph 3.3 gives the priority level and least significant octal 
addresses for each generator service module. This module uses RAN-RAP 
A version (RRA) subroutine and generates a single element RAN-RAP. Internal 
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pulse delay storage shall be as in Table in. 

3.2.11 RAN-RAP Cover and Early (RRCE) Module 

RRCE is the interrupt module of Figure 12. The description 
of paragraph 3.2.10 is generally the same except these routines generate a \ 
two-element RAN-RAP. 

3.2.12 RAN-RAP Cover and Late (RRCL) Module 

RRCL is the interrupt module of Figure 13. This is another 
two-element RAN-RAP similar to paragraph 3.2.11. 

3.2.13 RAN-RAP Cover, Early and Late (RRCEL) Module 

RRCEL is the interrupt module of Figure 14. This is a three- 
element RAN-RAP built up from the single element of paragraph 3.2.10. 

Note that growth software can have many variations in delay pulse configurations 
for this RRCEL as well as for RRC, RRCE, and RRCL. 

3.2.14 Range Gate Pull Off (RGPQ)Module 

RGPO is the interrupt module of Figure 15. As noted thereon 
this function shall be performed for each of four RR/RGPO generators. 

List I gives the priority levels and addresses. 

3.2.15 Frequency Update (FUP) Subroutine 

FUP is the subroutine of Figure 16,. As noted thereon 
frequency assignment modules SCAFA andABFR shall use the subroutine. 
Internal tables used are those of Table I. Essentially this subroutine 
shall update the tuning of each of four VCO's by the same amount the channels 
assigned frequency is changed. Growth software can have a more complex 
tuning update if tests with MAAS equipment indicate a need. FUP uses the 
subroutine Convert and Load Tuning (CLT]). 
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3.2.16 Convert and Load Tuning (CLT) Subroutine 

CLT is the subroutine of Figure 17. This subroutine shall convert 
the calculated absolute tuning frequency to tuning frequency by subband 
designation and relative subband tuning command. This routine assumes 
an upper subband VCO in the MAAS transmitter. It includes hysteresis 
for overlap of subbands, and assumes subband tuning is proportional above 
a lower value for each subband. The overlap and the lower values of each 
subband are programmable. 

V 

' \ 
3.2.17 RAN-RAP A Version (RRA) Subroutine 

RRA is the subroutine of Figure 18. This subroutine sets up 
the basic element pulse delay patterns for all RAN-RAP programs. It also 
sets up the basic commit gate start and end. 

3.3 STORAGE AND PROCESSING ALLOCATION 

The Technique Generator RP-16 Controller memory allocations 
are given in Figure 15 of reference 53959-HM-0410. Of the 4K-word 
memory, the upper IK is currently allocated to T. G. Techniques Program 
memory. Within the remaining 3K, the software instructions and data objects 
of this CPDS are to fit. All other addresses are given in the cited reference 
and listed herein where needed. 


Tables I through III are the important internal data-object 

tables for the T. G. Controller Program. Use of these tables is given in the 

appropriate functional description of paragraph 3.1. List I gives the RR/RGPO 

Generators priority and address assignments. List II summarizes important 

program data objects. List HI allocates total RP-16 addresse space, including 
programs and data. 

3.4 COMPUTER PROGRAM FUNCTIONAL FLOW 

Program flow is described in paragraph 3.1 and Figure 1, and 2. 
Interrupt levels and assignments are given therein. 
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PROGRAMMING GUIDELINES 


Object program shall be machine code suitable for loading from 
the System Controller (SC) via the Daisy Chain (DC) bus. During development 
object program shall be available on paper tape for loading via a TTY terminal 
directly into the T. G. The latter includes an Asynchronous Line Control Module 
(ALCM) for TTY interface and a Hardware Loader program to accept 
inputs. Word formats and addresses are given in Figures 15, 16 and 17 
of reference 53959-HM-0410. 


Source programming can be in assembly language. The source 
program can be converted to object program using either the RP-16 Assembler, 
reference Equipment Division II, or the ESD Nova Cross-Assembler for the 
RP-16. RP-16 instructions and functions are described in reference'Equipment 


Division I. 
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